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(54) Waveguide twist with orthogonal rotation of both direction and polarisation 



(57) In a waveguide twist which provides orthogonal 
rotation of both direction and polarisation, TE^q - mode 
energy In waveguide W1 Is coupled via iris 11 to a trans- 
fomrier cavity capable of exciting both TE^q ^"ci TEqi 
modes. The TEq^ mode Is coupled via iris 12 to output 



waveguide W2. Transfonners may be interposed be- 
tween one or both waveguides and their associated Iris- 
es to Increase bandwidth. The configuration facilitates 
manufacture In two halves by simple machining or cast- 
ing. 
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Description 

[0001 ] This invention relates to transition between two 
orthogonally arranged rectangular waveguide ports. It 
particularly relates to such a transition where the orien- s 
tation of the waveguide sections are also orthogonal. 
Such a transition can be particularly useful in integrated 
waveguide sub-systems. 

[0002] So-called waveguide twists are known which 
allow a coupling between waveguides having different 
angular orientations. One such type using step twist 
sections is discussed In "Step-Twist Waveguide Com- 
ponents" - Wheeler H A, IRE Trans. Microwave Theory 
Tech. Vol. MTT-S pp. 44-52 Oct 1955. Such transitions 
utilise series-connected intennediate sections of a rec- 
tangular waveguide arranged at progressively greater 
angles of inclination. Such arrangements are expensive 
to manufacture and are only suitable for coupling 
waveguides whose axes are coincident. Another 
waveguide twist for coupling between waveguides when 
axes are parallel but not coincident is disclosed in Ger- 
man published patent DE 3824150 02. 
[0003] The invention provides a waveguide twist pro- 
viding orthogonal rotation of both direction and polari- 
sation, comprising: a transformer section having a gen- 
erally square cross-section and having a first transform- 
er end face and a side face; a first rectangular 
waveguide arranged to propagate microwave energy 
having a first polarisation and whose axis Is arranged 
orthogonal to the first transformer end face with its short 
side parallel to the side face, the waveguide tenninating 
in a first waveguide end face; a first iris defined between 
the first waveguide end face and the first transformer 
end face; a second rectangular waveguide having a rec- 
tangular cross-section orthogonal to the cross-section 
of the first waveguide and a second waveguide end face 
and arranged with its longitudinal axis orthogonal to the 
first transfonner side face with a long side parallel to the 
first transfomier end face so as to propagate microwave 
energy having a polarisation plane orthogonal to the po- 
larisation plane of energy in the first waveguide, and a 
second Iris defined between the second waveguide end 
face and the transfonner side face. 
[0004] Embodiments of the invention will now be de- 
scribed by way of non-limiting example only, with refer- 
ence to the accompanying drawings in which: 

Figure 1 shows a first embodiment of the invention; 

Figure 2 shows a graph of the computed return loss 
as a function of a frequency of the first embodiment; 

Figure 3 shows the arrangement of Figure 1 sepa- 
rated Into two-part fonri along a possible plane of 
separation; 

Figure 4 shows a second embodiment to the inven- 
tion; 
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Figure 5 illustrates a range of possible planes of 
separation for Figure 1 and 4; and 

Figure 6 shows a third embodiment of the invention. 

[0005] Figure 1 shows an isometric view of the inter- 
nal walls of a twist transfomiatlon structure which can 
be fabricated in solid metal. The exterior of the structure 
and coupling flanges etc. have been omitted for clarity. 
[0006] A first port consists of a standard rectangular 
waveguide section W1 having long sidewalls 10,14 and 
short sidewalls 12,13. Waveguide W1 is coupled via a 
first iris 11 to a front side wall 30 of a central dual-mode 
transfomner section T^. In this embodiment an upper 
surface 20 of iris II fomns a continuation of the upper 
surface of the long sidewall 10 of waveguide W1. The 
lower surface 22 of iris 11 forms a continuation of the 
lower surface 32 of the transformer T^,. A second port 
consisting of a second standard rectangular waveguide 
section W2 having lend sidewalls 50,52 and short side- 
walls 53,54 is coupled via a second iris 12 to a side wall 
34 of transformer section T^. In this embodiment a first 
lateral surface 42 of iris 12 forms a continuation of side- 
wall 53 of waveguide W2. A second lateral surface 46 
of iris 12 fomns a continuation of a rear surface 36 of the 
transformer section Tq. 

[0007] Viewed from the first waveguide section W1 , 
the transformer section T^ has an almost square cross- 
sectional area and a length X measured in the direction 
of the axis of W1 of about a quarter wavelength of the 
centre frequency of the bandwidth of intended opera- 
tion. The square configuration means that the central 
transfomner section Tp is capable of supporting both 
TE^o 3"^*^ ^^01 "^odes. 

[0008] In operation, a TE^q microwave signal propa- 
gated in W1 passes through the first iris 11 and into the 
transformer section T^ where it excites TE^q ^^^^1 TEq-i 
modes. The TEqi mode within the transfonner T^ cou- 
ples via the second iris 12 into the second waveguide 
W2 where it excites a TEqi mode (referenced to co-or- 
dinate system of W1 ), It can be seen that, with reference 
to the vertical axis, waveguide W2 is rotated 90" with 
respect to waveguide W1 and hence, with respect to the 
vertical axis, the polarisation direction of microwave en- 
ergy in W2 is orthogonal to the polarisation direction of 
microwave energy in W1. As can be seen from Figure 
2, the two discontinuities presented by irises II and 12 
result in a frequency characteristic having two return 
loss zeros. These two zeros assist in the attainment of 
a relatively wide useful bandwidth. 
[0009] The configuration described above is particu- 
larly advantageous in that it allows manufacture in two 
halves which are mated together at a planar mating sur- 
face. In Figure 1 the location of a particularly advanta- 
geous surface is shown by chained dashed lines 60. Fig- 
ure 3 shows the arrangement of Figure 1 separated into 
an upper part A and a lower part B by the plane defined 
by chained dashed lines 60 of Figure 1 . It can be seen 
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that ali surfaces of upper part A are visible from below 
and all surfaces of lower part B are visible from above. 
The skilled person will appreciate that each half can 
therefore be easily and economically manufactured by 
casting or milling, since neither includes any undercut 
or hidden regions. 

[0010] A second embodiment, shown In Figure 4, dif- 
fers from the first embodiment In that it includes a quar- 
ter wavelength transfomner T1 in series with the first 
waveguide W1 and of the first Iris 11 . Transformer T1 
provides an additional zero in the frequency response 
which allows a greater band width (about 20%) to be 
achieved compared with the first embodiment. Trans- 
fornier T1 is preferably arranged with its upper face in 
the same plane as the upper faces of the waveguide W1 
and the first iris II . This facilitates manufacturing in two 
halves defined by the chained dashed lines as in the first 
embodiment. 

[0011] In a modification of Figure 4, not shown, a sec- 
ond transformer may be arranged In series between the 
second iris 12 and at the second waveguide W2 In addi- 
tion to, or in place of, the first transformer. The provision 
of a second transformer in addition to the first transform- 
er providers a further zero, allowing an even wider band 
width to be obtained. 

[0012] While the parting lines 60 between upper and 
lower halves have been described as coincident with the 
upper surface of waveguide W1 , this is not essential. As 
can be seen from Figure 5 by choosing a parting line 
anywhere in zone x defined between planes 60 and 60' 
neither half will have any hidden or overhanging areas. 
However, for ease of manufacture, a parting line on 
plane 60 is preferred. A plane other than 60 may be use- 
ful If it Is desired to provide a transfonner or iris whose 
upper surface is not coincident with the upper surface 
of waveguide W1 , for example, so as to accommodate 
the relative spatial axes of waveguides W1 and W2 with 
other waveguides whose spatial positions are predeter- 
mined. The design freedom provided by offsetting the 
irises and transfonners is particularly advantageous in 
integrated waveguide assemblies where prior art twist 
are unsuitable due to lack of space or high manufactur- 
ing cost. Rather than other components having to be de- 
signed to mate with the waveguide twist, the waveguide 
twist can be designed to mate with the other compo- 
nents. 

[0013] Thus, while figure 1 shows the upper short 
edge of iris 12 coplanar with the upper surface 50 of the 
second waveguide W2, it would be possible to vertically 
and/or laterally offset the second waveguide W2 so that 
the second iris 12 were located at a different part of end 
surface 56. 

[0014] Conversely, where a twist is to be used in a 
location where there is some freedom in the positioning 
of waveguides W1 and W2, it is possible to utilise an 
arrangement In which ail the complex machining or cast- 
ing is carried out on only one of the two parts, the mating 
surface of the other part consisting of a planar surface. 



[0015] An example of such an arrangement is shown 
in Figure 6, where lower surface 140 of the first 
waveguide W1 , 220 of the first Iris 11 , 320 of the trans- 
former section To. 480 of second iris 12, and 520 of sec- 

s ond waveguide W2, all lie in the same plane. It can be 
seen that, when manufactured in two parts, the upper 
part can be manufactured by simple machining, since 
all parts are visible from below, and the lower part is a 
simple planar surface. N this embodiment, while the ax- 

10 es of the waveguides W1 , W2 are fixed in a vertical 
sense, a certain amount of choice of lateral position of 
both W1 and W2 is possible. 



IS Claims 

1. A waveguide twist providing orthogonal rotation of 
both direction and polarisation, comprising: 

20 a transformer section (T^) having a generally 

square cross-section and having a first trans- 
former end face (30) and a side face (34), 

a first rectangular waveguide (Wl) arranged to 
25 propagate microwave energy having a first po- 

larisation (TE-io) and whose axis 1 8 is arranged 
orthogonal to the first transformer end face (30) 
with a short side (12, 13) parallel to the side 
face (34), the waveguide terminating in a first 
30 waveguide end face (1 6), 

a first iris (11) defined between the first 
waveguide end face (16) and the first trans- 
fomner end face (30), 

35 

a second rectangular waveguide (W2) having 
a rectangular cross-section orthogonal to the 
cross-section of the first waveguide (W1) and 
a second waveguide end face (56) and ar- 

40 ranged with its longitudinal axis (58) orthogonal 

to the first transformer side face (34) with a long 
side (53, 54) parallel to the first transformer end 
face (30) so as to propagate microwave energy 
having a polarisation (TEqi) orthogonal to the 

45 polarisation in the first waveguide (Wl ), and 

a second iris (12) defined between the second 
waveguide end face (56) and the transfonner 
side face (34). 

50 

2. A microwave twist as claimed in claim 1 in which 
the first iris (II) is vertically offset towards a long 
side (10, 14) of the first waveguide (W1) and to- 
wards the bottom of the front face (30) of the trans- 

55 former section (Tq). 

3. A microwave twist as claimed in claim 2 in which a 
long surface (20; 220) of the first iris (11) is coinci- 
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dent with a long sidewall (10; 140) of the first 
waveguide. 

4. A microwave twist according to claim 2 or 3 in which 
the lower surface (22; 220) of the first iris (1 1 ) is co- s 
incident with the bottom face (32; 320) of the trans- 
former (Tq). 

5. A microwave transfonner as claimed in any preced- 
ing claim, in which the second Iris (12) Is laterally io 
offset towards a long sidewall (53) of the second 
waveguide (W2). 

6. A microwave transfomier as claimed In claim 5 In 
which a first surface (42) of the second iris (12) is is 
coincident with a side wall (53) of the second 
waveguide (W2). 

7. A microwave transformer as claimed In claim 5 or 6 

in which the second iris (12) is vertically offset to- 20 
wards a short side wall (50, 52) of the second 
waveguide (W2). 

8. A microwave transformer as claimed in claim 7 in 
which a short surface (40) of the second iris (12) is 25 
coincident with a short side wall (50, 52) of the sec- 
ond waveguide (W2). 

9. A microwave transformer as claimed in any one of 
claims 5 to 8 in which a second surface (46) of the 30 
second iris (12) Is coincident with a second end face 
(36) of the transfomner section (To). 

10. A waveguide twist as claimed in any preceding 
claim , fu rther comprising a first transfomier (T1 ) ar- 35 
ranged between the first waveguide (W1) and the 
first iris (II). 

11. A waveguide twist as claimed in any preceding 
claim, further comprising a second transformer ar- 40 
ranged between the second waveguide (W2) and 
the second iris (12). 

12. A waveguide twist as claimed in any proceeding 
claim, in which a long sidewall (140) of the first 45 
waveguide (W1 ), a long surface (220) of the first iris, 

the bottom surface (320) of the transfonner section 
(To), and a short surface (480) of the second 
waveguide (W2) lie In the same plane. 



55 



EP 1 296 404 A1 




5 



EP 1 296 404 A1 




6 



EP 1 296 404 A1 




7 



EP 1 296 404 A1 




8 



EP 1 296 404 A1 




9 



EP 1 296 404 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 12 2376 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Catogory 



Citation of document with Indication, where appropdate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OP THE 
APPUCAT10N (lnLCI.7) 



US 2 754 483 A (ZALESKI JOHN F) 
10 July 1956 (1956-07-10) 

* column 1, line 63-66 * 

* column 2, line 22-26,62-67 * 

* column 2, line 34-37; figure 1 ♦ 

* column 4, line 50-55 * 

IHMELS R ET AL: "Field theory CAD of 
L-shaped iris coupled mode launchers and 
dual -mode filters'* 

MICROWAVE SYMPOSIUM DIGEST, 1993,, IEEE 
MTT-S INTERNATIONAL ATLANTA, GA, USA 14-18 
JUNE 1993, NEW YORK. NY. USA. IEEE. US, 

14 June 1993 (1993-06-14), pages 765-768, 
XP010068156 
ISBN: 0-7803-1209-0 

* left-hand column, line 17-26; figure 1 * 



HOlPl/02 



US 5 380 386 A (OLDHAM SUSAN L 
10 January 1995 (1995-01-10) 
♦ abstract ♦ 



ET AL) 



TECHNICAL FIELDS 
SEARCHED (tiTLa.7) 



HOIP 



The present search report has been drawn up for all ctalnu 



MUNICH 



Dota at eompMion of th« aaaich 

5 March 2002 



IEitJifnin«r 

Cordelro, J-P 



CATEGORY OF CITED DOCUMENTS 

X : particularty relavarrl it taken alone 

Y : particularly relevant if combined with another 

document of Ihe same category 
A : technological background 
O : non-wrttten dlselo&ure 
P : Intermediate docbment 



T : theory or principle laiderlylng ttie Invenljcn 
E : eailer patent daaument, but published on, or 

after the filing date 
O : document dted In the applicatiot-i 
L : document died tor other reasons 



a : member of the earns patent femlly, corraspondlng 
document 



10 



EP 1 296 404 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 12 2376 



This annex lists the patent family members relating to the patent documents cfted In the above-mentioned European search report. 
The members are as contained In the European Patent Office EOP file on 

The European Patent Office Is In no ¥vay liable for these particulars which are merely given for the purpose of Information. 

05-03-2002 



Patent document 
dted bi search report 



Publication 



Patent family 
member(s] 



Publication 



US 2754483 



10-07-1956 NONE 



US 5380386 


A 


10-01-1995 AU 


3845593 A 


11-11-1993 






CA 


2095652 Al 


08-11-1993 






OE 


69323347 Dl 


18-03-1999 






DE 


69323347 T2 


14-10-1999 






EP 


0569017 A2 


10-11-1993 






ES 


2126612 T3 


01-04-1999 






IL 


105662 A 


14-05-1996 






JP 


2574625 B2 


22-01-1997 






JP 


6097710 A 


08-04-1994 



§ For more details about this annex :see Official Journal of the European Patent Office, No. 12/82 



11 



